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Through the history of human evolution, we evolved dependent on many different 
biological species, which led us to understand the significance of biomatters culti-
vation. Biomatters are materials derived from living or once-living organisms which 
are or were subject to biological growth. The biomatters we use, need, and waste 
were and continue to be a major resource. Wheat, wood, and wool are all exam-
ples of a biomatter, yet each serves a different need. Given the range of current 
threatening environmental concerns, all rooted in our species treating nature as 
never-ending material resource, we need reactions and solutions that are urgent. 
Biomatters may provide just that solution.
I intend to highlight biomatter’s promising potentials - of being growable, accessi-
ble, and environmental - to promote a culture of how to use and work with biology 
to fulfil our pressing contemporary high demand on materials. Utilizing the capacity 
of biomatter from food byproducts that are perceived as waste is one way toward 
that culture. 
What is considered “waste” can in fact be, easily used. For example, every day, 
about 250 million eggs are being consumed in only the United States. Therefore, 
eggshells’ waste is enormous, estimated as 1,375 tons of daily eggshells’ waste. 
On the gradient scale of value, eggshell is perceived as waste material, which 
ranks it low in value. Is it possible to use eggshells’ waste as a making material in 
product design?
Designing materials from waste to create high-value aesthetic products is one 
way to elevate eggshells from supposed waste to valuable raw material. Through 
months of material-driven research and development, I was able to develop several 
innovative material recipes that include eggshells as their foundational ingredient. 
In this thesis, I position eggshell waste, as it contains vast potential, to be repur-
posed into material-driven applications in product design.
Abstract
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As a designer, I have always been, and continue to be fascinated by the intersec-
tion between the fields of biology and design. Over the body of my thesis re-
search, I focused on biological forms and biological materials in attempt to under-
stand how each could influence the other and how both could reflect on my design 
practice. Without doubt, biological forms are some of the most sophisticated 
known to artists and designers. To an extent, my questions came out of a tradition: 
the realm of design was always influenced by biology in one way or another. Today, 
many design approaches like biophilia, bio design, and biomimicry have encoun-
tered the significant link between biology and design; however, each approach 
defines it differently.  These three concepts of biophilia, bio design, biomimicry is 
are never new, it existed since human beings were able to live in a cave, deskin an 
animal for clothing, or carved stones imitating claws to hunt for food.
Through my exploration, I was observing and studying different materials in biol-
ogy. Fascinated by the large variety of different materials derived from biological 
organisms, known as biomatters. As a graduate assistant at RISD Nature Lab, I was 
able to explore and work with many different biomatters. I was exposed to their 
great potentials as a self-generative medium. At that point, I recognized the sig-
nificance of the fast-emerging field of bio design by encouraging biomatters and 
bio-fabrications to thrive in different disciplines and many applications. I believe 
this is the beginning of shifting from extracted-materials toward a grown-materials 
centric; to cultivate our products like cultivating our food is a major step forward to 
a better sustainable future.
Biology + Design
Biophilia Bio Design Biomimicry
“Biodesign refers specifically to the 
incorporation of living organisms as 
essential components in design, 
enhancing the function of the finished 
work”
William Myers
“Biophilia is the inherent human 
inclination to aliate with nature that 
even in modern world continues to be 
critical to people’s physical and mental 
health and wellbeing”
Stephen R. Kellert + Elizabeth F. 
Calabrese
“Biomimicry (from bios, meaning life, 
and mimesis, meaning to imitate)is a 
new science that studies nature’s best 
ideas and then imitates these designs 
and processes to solve human 
problems.”
Janine Benyus
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“The series of vases were completely “made by bees”. 
After months of learning from beekeepers the inner work-
ings of nature, Libertíny invited new colonies of bees to 
participate on sculptural forms. The result was now iconic 
edition of vases. The project extended into other works 
under the “made by bees” concept. In 2008, one of the 
vases was acquired by MoMA after being featured in De-
sign and The Elastic Mind exhibition.”
The Honeycomb Vase
By Tomas Libertiny (2005-2010)
“HuskeeCup features coffee husk as a raw material. 
Coffee husk is an organic waste material that’s produced 
at the milling stage of coffee production. By purchas-
ing HuskeeCup, you are helping to recycle hundreds of 
tonnes of waste material from the production of coffee.”
HuskeeCup
By Huskee Co. (2017)
“Developed in 2007 by Ecovative Design, Mushroom® 
Packaging is made from mycelium and is a high perform-
ing packaging solution, cost competitive with convention-
al foams, and 100% home compostable.”
Mushroom® Packaging
By Ecovative Design (2007)
“The Silk Pavilion explores the relationship between digi-
tal and biological fabrication on product and architectural 
scales.The primary structure was created of 26 polygonal 
panels made of silk threads laid down by a CNC (Comput-
er-Numerically Controlled) machine. 
Inspired by the silkworm’s ability to generate a 3D cocoon 
out of a single multi-property silk thread (1km in length), 
the overall geometry of the pavilion was created using an 
algorithm that assigns a single continuous thread across 
patches providing various degrees of density. Overall 
density variation was informed by the silkworm itself de-
ployed as a biological printer in the creation of a second-
ary structure. A swarm of 6,500 silkworms was positioned 
at the bottom rim of the scaffold spinning flat non-woven 
silk patches as they locally reinforced the gaps across 
CNC-deposited silk fibers.”
Silk Pavilion
By  Mediated Matter, MIT Media Lab (2017)
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Biomatters
Definition
Characteristics
Domain: Food Systems
Mycelium on cardboard + Water
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wool
rice chaff
date seed
algae
coffee bean
Eggshell
bacteria
beeswax
plants
In short, biomatters are materials derived from a living or once-living organisms 
which are or were subject to biological growth. The fact of being derived from 
a whole or part biological organism gives biomatters a unique characteristic 
like being grow-able, accessible, and environmental. 
According to the definition, biomatter examples comes in diverse range of ma-
terials. Wheat, wood, and wool are all examples of a biomatter, but each serves 
a different purpose based on its own material property and limitation. When 
working with biomatters it is important to distinguish between the two main 
categories, living and nonliving biomatters. 
Living biomatters are usually single or multiple cell alive organisms, where 
nonliving biomatters usually a polymer or fiber harvested from a biological 
organism. For example, mycelium – the thread-like vegetative part of a fungus, 
also known as hyphae, is one example of a living biomatter. Other examples of 
living biomatters are bacteria, algae, plants and animals. On the other hand, 
starch as a polymeric carbohydrate, derived from various plants like potato, is 
an example of nonliving biomatter. Yet, both mycelium and starch are biomat-
ters. Other examples of nonliving biomatters are animal blood, beeswax, sugar, 
cotton, banana peels…etc.
Biomatters Definition
28 29
Coffee ground + Mycelium
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Being Grow-able
The most phenomenal characteristic of biomatters is being grow-able. As a biology, growing 
is a unique feature cannot be found in any other matters. When a biological matter grows; 
it self-multiply in mass and volume by nourishing on basic elements like carbon, oxygen, 
hydrogen and some minerals to self-assemble biomatters. By being grow-able, biomatters 
hints to a future in which materials should be grown in a cyclic system, rather than extracted 
in a linear system. 
Being Environmental
All biology is carbon sink in one way or another, eventually biomatters are result of this 
carbon sinkage. Biomatters divide into two different groups of carbon sinks, which are direct 
and indirect. Photoautotrophs organisms, which are biological organisms that preform 
photosynthesis, are considered a direct carbon sink where others are indirect. Promoting the 
growth of any biomatter enhances the extraction of carbon dioxide from the atmosphere 
in attempt to improve global warming situation. Besides that, another significant feature of 
biomatters is biodegradability. The scale of biodegradability in biomatters range from low, 
as few hours, to high, as thousands of years, yet some almost do not biodegrade like DNA 
which technically takes 6 million years to biodegrade.  
Being Accessible
Growing biomatter is basically farming, and making it is literally like cooking. Biomatters, as 
material, are very accessible by any layperson in terms of it being safe to work with and re-
quires low-tech workability compared to materials from intensive chemicals. Since biodiversi-
ty varies from one region to another throughout the globe, biomatters are also contextual to 
specific spaces and possibly cultures. For examples, in Kuwait where palm trees are spread 
across the environment biomatters like date seeds are contextual to that region, versus avo-
cado pits from avocado trees are more common in Mexico; this is its contextual origin. Date 
seeds and avocado pits are both biomatters from different contexts. This insight suggest 
that every region has its own unique biomatters to work with, based on its own site-specific 
environmental conditions. Thus, people from different environmental regions has access to 
different local biomatters that have different material properties.  
Biomatters Characteristics
Coffee ground + Mycelium
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Over 1/3 of all food produced globally goes to waste.
Food and Agriculture Organization of the United Nations
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Among the wide range of biomatters, I found it a promising opportunity 
to work with biomatter from food byproducts and waste. In fact, 35 mil-
lion tons of food waste is the annual amount in the United States only. 
According the National Resources Defense Council (NRDC) organic matter 
accounts for 16% of U.S. methane emissions. The future of food waste and 
byproducts could be improved if new materials are made from waste that 
possibly goes to landfill. By research and development, I have adapted the 
positive position of utilizing biomatters from food waste like avocado pits, 
olive seeds, date seeds, pistachio shells, eggshells, banana peel and many 
other biomatters that has potential to transform into a new useful material. 
Domain: Food Systems
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Thesis Focus: Eggshell 
Issue 
Context
Material Research
Over 1,515 tons of eggshell waste produced daily in U.S.
Statista.com
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In my research into biomatters, I kept circling around and back to eggs, 
and eggshells. Eggs, of course, are very versatile ingredient in the 
culinary field; many dishes especially desserts require eggs as a major 
component in endless recipes. With the high demand on eggs comes 
a high amount of eggshell waste. On the gradient scale of value, egg-
shells are perceived as a waste material which ranks it low in value. I was 
astounded to find that in the United States only, about 250 million eggs 
are being consumed every day. On average a single eggshell weights 
5.5 grams, which means about 1,375 tons of eggshells are being pro-
duced daily. 
Chemically, 95% of eggshell is calcium carbonate which is much like 
what pearls, shells and corals are made of. Many egg consumers use 
eggshells as a calcium source in their compost, while others use egg-
shells powder as nutritional calcium supplement. Through my eggshells 
material research and my experiment results, I began to see just how 
many alternative, unconsidered applications there are around eggshell 
waste. I asked, is it possible to re-purpose eggshells effectively to in-
crease their perceived value?
Issue
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Third, extra-large scale context represents poultry farms and egg factories. 
I consider them the biggest stakeholders due to their enormous eggshells 
waste. Through my research, I read articles in online community of poultry 
and fowl enthusiasts that it is encouraged to re-purpose eggshells as a cal-
cium supply to their birds. This quote from a blog called CommunityChick-
ens.com by member Donna McGlasson, she wrote:
“Laying hens need calcium to lay and have strong shells. A healthy diet 
and a separate container with a calcium source are very important to offer 
your girls. If your laying hens do not get enough calcium, their bodies will 
pull calcium from their bones and this is obviously not good for the chick-
ens. A lot of folks, including myself, offer crushed oyster shell that can be 
bought where you buy your feed.  Or, you can feed them their own crushed 
eggshells which I also do. It seemed a bit odd to me to feed them their own 
eggshells, at first.  However, it is a really great source of the calcium they 
need, and they seem to prefer them.”
This indicate that some eggshells in extra-large context like poultry farms 
is being repurposed as a calcium source, which in my opinion is a logi-
cal action. Another article I came across is a twenty-year-old article called 
“Famous for Egg Waste by Carol Sonenklar”, dates to September 1999, 
which highlight eggshell waste from “egg-breaking” companies that pro-
duce cakes mixes, mayonnaise, noodles, and fast foods. I was surprised 
that these companies pay up to hundred-thousand dollars to discard their 
eggshell waste into landfills. 
“Eggshell waste is a serious matter in the “egg-breaking” industry. Compa-
nies are paying up to $100,000 a year to dispose of eggshells in landfills—
and the fills are reaching capacity. On top of that, many landfill owners do 
not want eggshells because the protein-rich membrane which adheres to 
the shell attracts rats and other vermin.”
These insights influence urgency in finding a suitable application to re-pur-
pose eggshell waste. In fact, I believe eggshells waste could be the bio-
matter that can create a new-born multi-million-dollar industry, if the right 
application is founded.
I started to pay attention to eggshells in the environment around me, to how 
they were used and consumed. The more I looked and noticed, they were 
everywhere, in my kitchen, in my friend’s kitchen, in many food products I 
used, which meant in the bins of every kitchen, in bakeries and restaurants 
across the city. I noticed the scale of egg consumption ranges within three 
different size contexts. Small, medium, and extra-large are the scale-size con-
text categories for where eggs are being used and consumed. 
First, small scale context represents households. From my own experience of 
consuming eggs, I noticed that egg consumption in households are collec-
tively larger than other scale contexts, the daily amount of eggshell waste 
produced is small compared to the others. I used an oven to sterilize egg-
shells, and a blender to grind eggshells to powder – and delighted in how 
this process took less than 45 minutes to produce a very clean, interesting, 
easily accessible biomatter to work with. I must have gone through a doz-
en eggs a week. These shells filled up a small bucket that I’d throw out if I 
wasn’t doing this experiment. I had thought I threw away a lot of eggshells in 
my house, but it proved to be really nothing compared to other places using 
eggs in bulk. Turned out the restaurants and bakeries – what I’d like to call 
the medium-scale context – were the true stakeholders in producing a signifi-
cant amount of eggshell waste each day.
Second, medium scale context represents bakeries and restaurants. I visited 
a local bakery here in Rhode Island, I found that local bakeries are a mine 
of eggshells. I talked with the bakery owner, which happen to be also the 
main chef, and through our short conversation I was able to gather a lot of 
insights. I asked her about their egg consumption, and she answered, ‘We 
use approximately 6-8 dozen of eggs everyday’. Then, I replied by asking if 
they used eggshell for any purpose, she replied ‘Due to overall space lim-
itation and how busy it gets during the day we don’t have bins for compost. 
Unfortunately, all waste goes to garbage bins. I responded with a brief of my 
eggshell research and asked if it is possible to gather their eggshells waste. 
She was kind to agree, but she asked me to provide them a bin that has 
small footprint but deep to take advantage of vertical space. Also, it must 
have a led for health code regulations, ideally it open and closes by foot 
pedal. We agreed that I must come at the end of the day, before they close, 
to collect the eggshells because they don’t have any space to store them. 
I collected their eggshells for 3 days and I ended up with approximately 3 
lbs. of eggshells. From this quick exercise, I came to conclusion that bakeries 
are a great place to collect eggshells because they are, as a business, not 
interested in using or repurpose eggshells but are willing to provide them for 
free, because they view them as pure waste.
Eggshell
Contexts
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The key principle when working with eggshells, in a powder form, is 
understanding the binding agent properties provided in the recipe. 
Over the course of my eggshell material research, I explored and tested 
12 different binders which are alginate, agar, gelatin, tragacanth gum, 
starch & vinegar, pine rosin, beeswax, calcium oxide, gypsum, rockite, 
plaster, and concrete. I found that each binder offers a different physical 
and chemical properties. Based on set of simple testing experiments, I 
found that the results of the new material samples of the various bind-
ers have different material properties; some are stiff and strong, others 
are weak and fragile. By determining the recipe binder, it is possible to 
imply features like stiffness, flexibility, recyclability, water resistance, heat 
resistance, and biodegradability.
Material Research
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01.00% Alginate
99.00% Eggshell
12.50% Agar
87.50% Eggshell
12.50% Gelatin
87.50% Eggshell
17.60% Tragacanth Gum
82.40% Eggshell
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30.00% Starch & Vinegar
70.00% Eggshell
30.00% Pine Rosin
70.00% Eggshell
30.00% Beeswax
70.00% Eggshell
30.00% Calcium Oxide
70.00% Eggshell
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40.00% Gypsum
60.00% Eggshell
40.00% Rockite
60.00% Eggshell
40.00% Plaster
60.00% Eggshell
50.00% Concrete
50.00% Eggshell
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Design Opportunity
According to The United Nations, more than one third of all food produced 
worldwide goes to waste. That enormous biomatters waste found in food 
systems could be utilized into new innovative materials to serve our press-
ing contemporary high demand on materials. This uncover a vivid design 
opportunity to research and develop new materials that utilize wasted bio-
matters into material-driven products. 
Our garbage bags, waste streams and landfills are full of a wide range of 
different wasted biomatters that has potential to be used. I find it central to 
be a system thinker when selecting a biomatter waste to initiate a material 
research. Identifying and analyzing all stages of the matter system is the 
starting point. Where is the studied biomatter visible? At what scale it is 
available? Who are the system stakeholders? Is it a linear or cyclic system? 
How does this system look from macro and micro lenses? What are the 
system flaws? Is it possible to improve the biomatter system? What other 
related systems this biomatter intersect with? What current application 
options this biomatter is used for? What other innovative application could 
it be utilized in? What is its sustainability and value profile? These basic 
questions are the beginning of a material design research, which hopefully 
lead to an innovative material-driven product.
Design Opportunity
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Making
Material making process
Eggshell bio-leather goods
Reflections from a professional
Material making process
Ingredients
Water
Gelatin
Starch
Glycerin
Eggshell
STEPS
1. Add water to a deep pan 
2. Dissolve gelatin, starch, and glycerin in water
3. Mix until all ingredients are homogeneous
4. Place the pan on the stove and turn on the heat
5. Stir until mixture comes to a boil
6. Add eggshell to the mixture and continue mixing
7. Pour the mixture onto non-stick sheet 
8. Let air dry for approximately a week
Material making process
120 mL
12 g
12 g
12 g
24 g
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Eggshell bio-leather goods
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Reflections from a professional
 “As a leatherworker, working with Tareq’s biomaterial was an 
interesting experiment. I came across several challenges and surprises 
that I don’t normally have when working with leather. First I tried stitch-
ing by hand and it was difficult to mark the placement of each hole 
because the material would self-heal after being punctured. The pieces 
could not be glued together because the material is impermeable, so 
masking tape was used instead. When sewing by machine the challenge 
was getting the tension and stitch length right so the thread didn’t 
perforate the material. It wasn’t possible to backstitch after each row 
of stitching so each end had to be hand knotted instead. In situations 
where the material needed to be flipped right-side out after sewing, it 
would tear easily when folded. That meant it had to be handled very 
carefully which took more time. Despite these obstacles, I am surprised 
by how beautiful the end result is and how it resembles the look of real 
leather. With a few modifications, I think the formula could be improved 
to overcome these challenges and it could be a more sustainable alter-
native to real leather.”
Alison Van Hemelrijck
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Conclusion
Given the current threatening environmental concern of treating nature 
as never-ending material resource requires urgency in reaction. Our cur-
rent situation reflects years of environmental neglection, it is time prac-
tice sustainable options rather than just rethinking them. It is critical to 
highlight biomatters promising potentials of being growable, accessible, 
and environmental to promote a culture on how to use and work with 
nature. A culture that shift our global system from an extracted-materials 
era toward a grown-materials centric era; promoting the cultivation of 
our tools and products, much like cultivating our food, this a major step 
forward to our sustainable future. As designers, engineers, and material 
researchers pursue toward innovating new grown materials it is funda-
mental to system think all elements and processes required in the ma-
terial making. It is central to develop a material into a cyclic system, not 
linear, otherwise there is no point of developing such a material.
Conclusion
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